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We would l i k e  t o  d e s c r i b e  a new exper iment which we have i n  
progress f o r  o b t a i n i n g  a g r e a t l y  improved v a l u e  f o r  t h e  Rydberg. 
The accuracy o f  measure e n t s  u s i n g  c l a s s i c a l  techniques '  have been 
l i m i t e d  t o  about 2 x 10 
e f f e c t s . 2  A recen t  improvement o f  accuracy t o  about 1 x 10 was 
ob ta ined  by u s i n g  a pu l sed  dye l a s e r  t o  o b t a i n  l a s e r  sa tu ra ted -  
a b s o r p t i o n  o f  t h e  Balmer ct l i n e  i n  a hydrogen d ischarge,  thereby 
e l i m i n a t i n g  Dop l e r  b r o a d e n j r t .  We hope t o  achieve an accuracy 
between 1 x 10 ' and 1 x 10 t h  ough use o f  a r e c e n t l y  develop- 
ed ex t reme ly  s t a b l e  cw dye l a s e r 5  t o  produce s a t u r a t e d  absorp- 
t i o n  o f  t h e  Balmer c1 l i n e  i n  an atomic heam o f  2 s hydrogen 
atoms. Simultaneous e x c i t a t i o n  w i t h  RF should y i e l d  a double- 
resonance l i n e w i d t h  o f  about 1 MHz. Use o f  an atomic beam should 
e l i m i n a t e  sys temat i c  e r r o r s  due t o  c o l l i s i o n a l  e f f e c t s  and 
extraneous e lec t romagne t i c  f i e l d s  such as a r e  encountered i n  
d ischarges.  For measuring t h e  Balmer ct wavelength t o  o b t a i n  t h e  
Rydberg, we s h a l l  use t h e  f r e q u e n c y - c o n t r o l l e d  Fabry-Perot  
i n t e r f e r o m e t e r  whic was used f o r  t h e  wavelength measurement of  
t h e  3.39 1-1 CH4 l i n e  . T h i s  3.39 1-1 CH 
l e n g t h  s tandard f o r  t h e  measurement. We expect  t h e  accygacy o f  
ou r  wavelength measurement t o  be l i m i t e d  t o  a few x 10 by 
a l r e a d y  i n v e s t i g a t e d  sys temat i c  e r r o r s  i nhe ran t  i n  our  i n t e r f e r o -  
meter,  m a i n l y  d i f f r a c t i o n  e f f e c t s .  

7 by Doppler broadening and d i scha rg8  

4 
! l i n e  w i l l  be used as t h e  

Wi th  t h e  beam o f  n = 2, '5, hydrogen atoms, t h e  t r a n s i t i o n s  
a v a i l a b l e  f o r  o b s e r v a t i o n  a r e  sRown i n  F i g .  1 .  The approximate 
level s p l i t t i n g s  a r e  i n d i c a t e d .  S e l e c t i o n  r u l e s  a l l o w  the  s i x  
h y p e r f i n e  components shown f o r  t h e  o p t i c a l  t r a n s i t i o n ,  which has 
s a t u r a t e d  a b s o r p t i o n  l i n e w i d t h  o f  about 30 MHz corresponding t o  
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t b e  3P l i f e t i m f .  Thus t h e  f o u r  t s a n s i t i o n s  
2 S (F-1) t o  3 P (F=O,l) and t o  3 P (F=O, l )  form o v e r l a p p i n g  
d y k l e t s ,  b u t  5hk two t r a n s i t i o e s  312 

2 S&(F=O) t o  3 P (F=l )  and t o  3 P (F=l )  a r e  w e l l  i s o l a t e d  
s i n g l e t s .  For t kese  s i n g l e t s ,  t h z ’ i d d i t i o n  of RF r a d i a t i o n  
t o  m i x  t h e  3s and 3P l e v e l s  should r e s u l t  i n  sharp l i n e s  w i t h  a 
w i d t h  o f  about 1 MHz f o r  t h e  f o u r  double resonance t r a n s i t i o n s .  
I he  sum f r e q  enc ies  v 3 v g i v e  t h e  two t r a n s i t i o n  f requen-  
c i e s  of t h e  2 S, (F=O)Oet3 S ‘fF=O,l) doub le t .  
and RF on t h e  lTHHz-wide peak t o  w i t h i n  o n l y  1/20 o f  t h e  l i n e  
w i d t h  corresponds t o  o b t a i n i n g  t h e  t r a n s i t i o n  f requency t o  a 
p a r t  i n  10 . 

- 
Y S e t t i n g  t h e  l a s e r  

The exper imenta l  arrangement of  t h e  hydrogen beam apparatus 
i s  i n d i c a t e d  i n  F i g .  2. Hydrogen atoms a r e  produced w i t h  an RF 
d i scha rge  i n  a c e l l  hav ing a mu l t i - channe l  s l i t .  The atoms then 
pass through 9n e l e c t r o n  e x c i t a t i o n  r e g i o n  t o  c o n v e r t  a few pe r  
cen t  t o  t h e  2 S s t a t e .  Downstream, t h e  l a s e r  beam i s  crossed a t  
r i g h t  a n g l e  w i  tft t h e  hydrogen beam and r e t r o r e f  l e c t e d  t o  produce 
t h e  o p t i c a l  s a t u r a t e d  a b s o r p t i o n  peak. RF i n  t h e  same r e g i o n  
produces t h e  narrow double resonance peak. The peak i s  de tec ted  
by o b s e r v a t i o n  of  t h e  number o f  2s hydrogen atoms remain ing i n  
t h e  beam downstream from t h e  o p t i c a l - R F  e x c i t a t i o n  reg ion .  A t  
t h e  d e t e c t i o n  reg ion ,  t h e  beam passes through a quenching e l e c -  
t r i c  f i e l d  and t h e  r e s u l t i n g  Lyman a photons a r e  de tec ted  w i t h  a 
s o l a r  b l i n d  p h o t o m u l t i p l i e r .  Modu la t i ng  t h e  l a s e r  f requency ove r  
t h e  peak g i v e s  t h e  f i r s t  d e r i v a t i v e  s i g n a l  used t o  se rvo  t h e  l a s e r  
f requency t o  t h e  c e n t e r  of t h e  peak, w i t h  t h e  RF f requency f i x e d .  
The p r e d i c t e d  sho t -go i se  l i m i t e d  s i g n a l - t o - n o i s e  r a t i o  a t  l i n e  
c e n t e r  i s  about 10 
p r e c i s i o n  on t h e  l i n e s  o f  app rox ima te l y  2 x 10 . T h i s  i s  about 
2 o r d e r s  o f  magnitude b e t t e r  t han  t h e  expected l i m i t  o f  accuracy 
f o r  ou r  i n t e r f e r o m e t e r .  

about 6 x 10 ’’ f o r  an i n t e g r a t i o n  t i m e  o f  300 sec, b e t t e r  than 
t h e  sho t  n o i s e  l i m i t  f o r  t h e  hydrogen beam discussed above. The 
A l l a n  v a r i a n c e  o f  t h e  f requency n o i s e  i s  shown i n  F i g .  3A.The 
s h o r t  term s t a b i l i t y  should a l l o w  o b s e r v a t i o n  of  l i n e s  as narrow 
as a few kHz, and t h e  l ong  term s t a b i l i t y  i n d i c a t e s  t h e  measure- 
ment accuracy which can be achieved. A l though such good s t a b i l i t y  
i s  n o t  needed f o r  t h i s  Rydberg measurement, i t  w i l l  be u s e f u l  i n  
o u r  o t h e r  e ~ p e r i m e n t s ~ s u c h  as s a t u r a t e d  a b s o r p t i o n  o f  a s t a t e -  
s e l e c t e d  c a l c i u m  beam . 

i n  one second, correspondjpg t o  a p o i n t i n g  

The s t a b  i zed  cw dye l a s e r 3  has a f requency s t a b i l i t y  of 

The technique f o r  s t a b i l i z i n g  t h e  dye l a s e r  i s  i n d i c a t e d  i n  
F i g .  4. We use a j e t  o f  c r e s y l - v i o l e t  dye d i s s o l v e d  i n  e t h y l -  
ene g l y c o l  i n  o r d e r  t o  o b t a i n  s u f f i c i e n t  power a t  t h e  Balmer a 
wavelength.  S ince c r e s y l - v i o l e t  a b s o r p t i o n  i s  v e r y  low a t  t h e  
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+ + 
A r  l a s e r  wavelengths and h i g h  a t  60008, we use t h e  A r  l a s e r  
t o  pump an a u x ' l l i a r y  untuned rhodamine 6G dye lase r ,  and use t h e  

have ob ta ined  about 100 mW s i n g l e  mode a t  65638. 
wavelength i s  locked t o  t h e  servo c a v i t y  f r i n g e ,  and the  l e n g t h  o f  
t h e  servo c a v i t y  i s  i n  t u r n  s t a b i l i z e d  t o  e i t h e r  t h e  3.39 1-1 f r i n g e ,  
f o r  t u n a b l e  s t a b i l i t y ,  o r  t o  t h e  Lyman c1 s i g n a l  f o r  l o c k i n g  t o  t h e  
Balmer ci l i n e .  The e n t i r e  dye l a s e r  i s  enclosed i n  a p ressu re  
box, t o  which t h e  servo c a v i t y  i s  connected, t o  p r o v i d e  t h e  
c a p a b i l i t y  o f  p ressu re  scanning t h e  s t a b i l i z e d  wavelength. W i th  
t h e  f requency locked t o  Balmer c1 , p a r t  of t h e  dye l a s e r  o u t p u t  i s  
passed through t h e  i n t e r f e r o m e t e r  f o r  t h e  wavelength measurement. 

r e s u l t i n g  6000 a o u t p u t  t o  pump t h e  c r e s y l - v i o l e t .  I n  t h i s  way we 
The dye l a s e r  

- i h e  f l a t - p l  t e  f r e q u e n c y - c o n t r o l l e d  i n t e r f e r o m e t e r  i s  des- 

accuracy of our  Balmer ci wavelength 

7 c r i b e d  elsewhere . The sys temat i c  e r r o r s  i nhe ran t  i n  t h e  i n t e r -  

h e i r  es t ima ted  accuracy 
fe romet ry  should l i m i t  t h e  
measurement. These e r r o r s  
l i m i t s  a r e  i nc luded  i n  Tab 

Table 1 .  Pred 

Dye l a s e r  s t a b i l i t y  

t oge the r  w i t h  - 
e 1 .  

c t e d  accuracy i m i t s ,  6 R / R  

6 x 10 - 1 3  

Hydrogen beam s t a b i l i t y  ( sho t  n o i s e  1 i m i t )  2 x 1 0 - l 2  

-10 - 4  x 10 
I n t e r f e r o m e t e r  sys temat i c  e r r o r s  

1. F r i n g e  p o i n t i n g  10 - l0  

2. D i  

3. A 1  

U n c e r t a i n t y  

e 

P 

(m 
-1 m 

-10 f r a c t i o n  c o r r e c t i o n  -4 x 10 

gnment o f  l a s e r  beam and 
n t e r f e r o m e t e r  a x i s  

10 - l0  

i n  fundamental cons tan ts  2 x 1 0 - l 0  

A l s o  g i v e n  i n  Table I i s  t h e  main u n c e r t a i n t y  i n  t h e  Rydberg 
c o n t r i  u t e d  by u n c e r t a i n t i e s  i n  t h e  fundamental cons tan ts .  The 
theo ry  , r e l a t i n g  t h e  measured t r a n s i t i o n  energy t o  t h e  Rydberg, 
i n v o l v e s  f u n c t i o n s  o f  t h e  f i n e  s t r u c t u r e  cons tan t  and t h e  r a t i o  
o f  t h e  e l e c t r o n  mass t o  t h e  p r o t o n  mass. A l l  terms appear t o  be 
n e g l i g i b l e  t o  t h e  o r d e r  o f  accuracy o f  t h i s  exper iment except  
t h e  f a c t o r  ( 1  + me ) used i n  c o n v e r t i n g  t h e  Rydberg f o r  hydrogen 

7 

- 
m 

P 
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t o  t h e  Rydberg f o r  i n f i n i t e  mass, R,lOThis f a c t o r  c o n t r i b u t e s  
an u n c e r t a i n t y  t o  R,of about 2 x 10 , and i s  p robab ly  l e s s  
than t h e  sys temat ic  e r r o r s  which w i l l  a r i s e  i n  t h e  i n t e r f e r o -  
metery. 

The present  s t a t u s  o f  our  exper iment i s  as f o l l o w s .  The 
s t a b i l i z e d  l a s e r  works s a t i s f a c t o r i l y  a t  t h e  Balmer ct wavelength, 
hav ing  more than t h e  r e q u i r e d  s t a b i l i t y  and power o u t p u t .  A lso ,  
t h e  i n t e r f e r o m e t e r  system i s  complete. The hydrogen a tomic  beam 
apparatus i s  cons t ruc ted ;  however, on our  f i r s t  t r y  we were un- 
a b l e  t o  d e t e c t  any me tas tab le  atoms. We a r e  now i n  t h e  process 
o f  t r y i n g  t o  l o c a t e  and c o r r e c t  t h e  problem. 
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F i g .  1 .  Level  d iagram f o r  t h e  n=2+n=3 double resonance t r a n s i t i o n .  
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F i g .  2 .  Diagram o f  t h e  hydrogen beam. 
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Fig .  3. A l l a n  v a r i a n c e  p l o t  f o r  cw dye l a s e r ,  showing frequency 
s t a b i l  i t y  v r s .  i n t e g r a t i o n  t ime A .  
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F i g .  4. S t a b i l i z a t i o n  technique f o r  cw dye l a s e r .  




